There is considerable interest today in estimating the biomass of trees and forests for practical forestry issues, sustainable management, carbon and nutrient flux and other scientific purposes. For these reasons, aboveground biomass was studied in Castanea sativa high forest stands located in the Northwest of Portugal. The most widely used procedure for stand biomass evaluation is the regression estimation method, in which the stand biomass is predicted through the sum of the predicted biomass of individual trees. In this study, thirty-four old sweet chestnut trees, located in three stands, were felled, measured and weighted to evaluate the aboveground biomass by components. Several linear and nonlinear equations were fitted by the least squares method to select a model that predicts total tree aboveground biomass as well as bole-wood, bole-bark, branches, leaves and flowers biomass components as a function of DBH (diameter at breast height) and total height. For each component the model that fit better was selected.
INTRODUCTION
, Martin et al. (1996) , Regina (2000) , Regina et al. (2001), and Martins et al. (1999) for coppiced stands and Pires et al. (1996) for chestnut groves.
Thus, given the importance of the biomass relationships for the analysis of productivity, dynamics and sustainable functioning of chestnut ecosystems, the purpose of this work was to develop equations to predict tree biomass per plant component as a function of tree biometric variables to be applied to this species in high forest management.
MATERIALS AND METHODS

Data
In order to obtain biomass data, 34 trees were felled according to the existent diameter classes. Three selected, mature chestnut high forest stands located in the North of Portugal: Bornes (41º29'37" N, 6º55'12" W), Marão (41º14'24" N, 7º55'38" W) and Padrela (41º30'34" N, 7º36 '54" W) were studied.
The trees were randomly selected in each stand: 18 trees in Padrela, 7 trees in Bornes, and 9 trees in Marão, distributed by the diameter classes, according to its frequency. The study was carried out during the vegetative period, when the leaves already presented its maximum dimension.
The total length of the tree and the height to the base of the living crown were measured, the last corresponding to the first living branch considered significant (Liu and Burkhart, 1993) , in this case only if the diameter was greater than 2.5 cm. The main stem was sectioned with the first cut at breast height level previously marked in the tree. Starting from this level the stems were sectioned in 2.25 m logs until the diameter of 7 cm. In the inferior section of each log a disk with 5 cm of thickness was kept for biomass analysis. The fresh weight for the following tree components [leaves, flowers, branches, logs 1 to n (W1…..Wn) with bark, disks (1 to n) with bark and bark of the disks 1 to n] was obtained in situ. One kilo of sample of each component was obtained randomly for laboratory determination. These samples were put into hermetic polyethylene bags, appropriately identified and weighed, and kept in portable chilly bins.
Treatment of the Samples in Laboratory
Samples of leaves, flowers and barks were dried in a stove at 70±2ºC, while the log samples and branches, were dried at 103±2ºC (until constant weight) for determining the natural humidity and estimating the dry matter.
The set of data used in biomass modelling is characterised in Table 1 .
Data Analysis
To model the biomass (W) by components, the following candidate allometric functions were tested for each tree component:
In a first phase, the functions were tested for each of the plant components. Due to the low correlation initially found between the biomass of some of the components considered and the tree variables [diameter breast height (DBH), crown base diameter (dbc), total height (h), height to the base of the living crown (hbc) and length of the crown (hc)], the dry matter of some components considered separately during the phase of data collection was pooled. Thus, both the flowers and the leaves were joint together in the same category designated as (W_Ltot). The biomass of the living branches was also pooled in another category, named (W_Bliv). Apart from these, the following categories were considered for analytical purposes: bark biomass (W_Bark), main stem under bark biomass (W_Wood), main stem over bark biomass (W_Bole), and the total aboveground biomass (W_Tot).
The biomass equations were fitted by the ordinary least squares method (OLS) associated with both the PROC REG (linear models) and PROC NLIN (non linear models) procedures of SAS/STAT. The modified Gauss-Newton iterative method was applied in the non linear model fitting.
The models were evaluated in terms of measures of fit and prediction ability: modelling efficiency (EM), mean square error (MSE), models parameter significance, R 2 of prediction (R2pred), mean of PRESS residuals (m_PRESS), and mean of the absolute values of the PRESS residuals (ma_PRESS) as well as the percentiles 95% (P95) and 5% (P5) of the PRESS residuals. The normality of the studentized residuals was analysed using normal QQplots. The presence of heterocedasticity associated with the error term of the models was checked by plotting the studentized residuals against the predicted values.
The lack of homogeneity in the variation of the residuals is a typical feature of the biomass data referred to by several authors. The regression assumptions departure was solved with non linear iteratively rewheighted least squares (IRWLS) using the Huber function with the maximum value of r=1 and weighting factors.
Most of the models were immediately eliminated because they led to nonsignificant parameters.
RESULTS AND DISCUSSION
The models already presented were fitted to the biomass data as described in the methodology. Obtained data were exposed on tables. Among the considered independent variables, the crown base diameter (dbc) and the correspondent height (hbc) did not present a superior contribution for the model error explanation relatively to the diameter at breast height (DBH) and the total height (h). This fact, associated to the easiness of variables mensuration, important for a future use of the models, leads to considering mainly the variables (DBH) and (h) as final regressor variables. Table 2 presents fitting, precision and bias statistics for the selected models. The plot analysis of the studentised residuals was also taken into consideration, as well as the advantages of using or not the less practical independent variables, related to the crown. In order to sort out the models, a scale we organised for each parameter considered, and the models classified according to the sum of the given values, with the one showing a lower as the first one. Simplifying, only the models with all significant parameters, after weighting, were considered.
The analysis accomplished, based on the criteria previously mentioned, led to the selection of the following models for each tree component: These equations predict the biomass of the different components in kg, based on the diameter at 1.30 m (DBH) in cm (with bark, except for the wood biomass DBH_ub) and the total height (h) in m.
The selected equations were used to estimate the total biomass and biomass by components of the individual trees in the three studied stands.
Aboveground biomass for the three stands, total biomass and biomass by tree component are presented in Table 3 . The Padrela stand is the oldest one (65 years old), showing trees of the higher diameter classes, when compared to the other two populations. In spite of this, it shows a total biomass and a biomass by components considerably lower than others, because of its lower density.
The contribution in percentage of each plant component for the total biomass is not very different among the three stands. Bornes site presents a higher percentage of bark, because it has a smaller amount of wood distributed throughout a larger number of small trees.
CONCLUSIONS
The wood biomass prevails not only at the stem level, contributing with more than 70% of the aboveground biomass. The branches are responsible for about 20%, followed by the bark, with approximately 7% of the total and the leaves and flowers with only 1.5%, approximately. Thus, 78.5% to 80% of the chestnut high forest aboveground total biomass comes from the main stem, whereas 20% to 21.5% results from the crown.
The information obtained with these biomass equations, applicable to data of individual trees, can be applied to the forest inventories as well as to a great variety of ecological problems, like fire studies, allowing to relate the amount of fuel with the fires propagation conditions, the carbon sequestering, the site sustainability and similar studies. 
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